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©  A  method  for  manufacturing  cathodes  for  molten  carbonate  cells. 

©  The  invention  relates  to  a  method  for  manufac- 
turing  lithiated  nickel  oxide  cathodes  for  molten  car- 
bonate  cells. 

According  to  the  invention,  in  a  first  step,  a 
green  material,  namely  a  slurry,  is  prepared  from 
powder  nickel  and  lithium  carbonate  intimately 

(A) 

mixed  together,  and  in  a  second  step,  this  green 
material  is  introduced  into  the  cell  and  the  same  is 
heated  to  operating  temperature  of  the  cell. 

During  this  operation,  the  following  takes  place: 
oxidation  of  the  nickel,  lithiation  of  the  nickel,  and 
plate  sintering. 
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This  invention  relates  to  a  method  for  manufac- 
turing  cathodes  for  molten  carbonate  cells  of  the 
type  referred  to  in  the  related  art  as  MCFC  (Molten 
Carbonate  Fuel  Cells). 

In  particular,  this  invention  relates  to  a  method 
for  manufacturing  cathodes  of  nickel  oxide-lithium 
for  such  molten  carbonate  cells. 

Cathodes  currently  employed  in  molten  car- 
bonate  cells  are  made  of  nickel  oxide-lithium 
(usually  including  2%  cationic  lithium),  and  have 
overall  porosity  of  60-70%  by  volume  and  an  aver- 
age  pore  diameter  of  about  6  micrometers. 

Two  preparation  techniques  are  provided  by 
the  state  of  the  art  pertaining  to  the  manufacture  of 
such  cathodes,  respectively  referred  to  as  "in  situ" 
and  "ex  situ"  techniques. 

The  "in  situ"  preparation  technique  starts  with 
the  preparation  of  a  green  material  comprised  of  a 
slurry  of  nickel  and  organic  binders  (methyl  cel- 
lulose,  polyvinyl  alcohol).  This  slurry  may  be  ob- 
tained,  for  example,  by  continuous  pouring  over  a 
running  tape. 

Alternatively,  said  starting  green  might  com- 
prise  a  mixture  of  dry  cold-pressed  powders  in- 
cluding  nickel  and  pore  generating  agents  (stearic 
acid,  benzoic  acid,  magnesium  oxide,  etc.) 

The  green  obtained  in  either  of  the  foregoing 
ways  is  then  pre-sintered  under  a  reducing  me- 
dium  at  temperatures  in  the  700  °  to  900  °  C  range, 
to  yield  a  nickel  plate  having  highly  porous  fea- 
tures. 

This  plate  is  positioned  inside  the  cell  to  form 
the  cathode  thereof,  and  it  is  inside  the  cell  that  the 
nickel  is  oxidized  to  yield  a  solid  solution  of  LiNiO. 

The  conventional  "in  situ"  preparation  tech- 
nique  just  described  has  a  disadvantage  in  that 
during  oxidation  and  lithiation  of  the  nickel  inside 
the  cell  an  expansion  takes  place  which  may  result 
in  the  cathode  being  ruptured  due  to  the  spatial 
restrictions  from  the  walls  of  the  cell,  concurrently 
therewith,  a  loss  in  porosity  and  decreased  average 
size  of  the  pores  are  incurred  with  respect  to  the 
values  attained  during  the  pre-sintering  step. 

In  addition,  "in  situ"  lithiation  requires  that  the 
amount  of  lithium  for  doping  the  nickel  oxide  be 
supplied  by  the  electrolyte,  which  will  deplete  the 
electrolyte  and  alter  the  composition  of  the  eutectic 
mixture  of  molten  carbonates. 

Finally,  this  prior  technique  requires  that  the 
green  be  pre-sintered  under  a  reducing  medium, 
which  aggravates  the  manufacturing  process  costs 
in  terms  of  energy  and  gas  input. 

The  second  prior  technique  of  cathode  manu- 
facture,  referred  to  as  the  "ex  situ"  technique, 
provides  for  the  preparation  of  the  electrode  in  its 
final  form  prior  to  fitting  it  into  the  cell,  in  order  to 
avoid  problems  of  volume  expansion  and  loss  of 
control  over  porosity,  such  as  occurred  with  the 

previously  mentioned  method. 
The  two  known  techniques  for  obtaining  cath- 

odes  by  the  "ex  situ"  process  are  as  follows: 
(a)  sintering  a  green  material  consisting  of  a 

5  mixture  of  nickel  or  nickel  oxide,  lithium  car- 
bonate,  and  organic  binders,  either  in  air  or  an 
atmosphere  of  oxygen,  at  temperatures  in  the 
range  of  800  °  to  1  200  °  ; 
(b)  pre-oxidizing  a  plate  of  porous  nickel,  fol- 

io  lowed  by  either  "in  situ"  or  "ex  situ"  lithiation. 
Cathodes  prepared  "ex  situ"  have  improved 

characteristics  as  regards  mechanical  strength,  po- 
rosity  control,  and  electric  conductiveness. 

However,  the  in-cell  performance  of  "ex  situ" 
75  prepared  cathodes  is  generally  inferior  to  that  of 

cathodes  prepared  "in  situ". 
This  is  explained  by  that  the  optimum  micro- 

structure  for  cell  operation  is  to  be  obtained  by  "in 
situ"  oxidation  of  theplate,  which  promotes  the  for- 

20  mation  of  a  two-mode  porosity  in  the  electrode, 
with  large  pores  to  facilitate  the  flow  of  gas  through 
the  electrode,  and  small  pores  for  absorbing  and 
retaining  the  electrolyte,  as  required  for  the  elec- 
trochemical  reactions  and  ion  contact  with  the  elec- 

25  trolytic  matrix. 
The  method  of  this  invention  can  do  without 

the  pre-sintering  step  as  provided  by  both  of  the 
methods  just  described. 

According  to  this  invention,  a  slurry  comprising 
30  powders  of  nickel,  lithium  carbonate,  methyl  cel- 

lulose,  and  non-foaming  agent  is  first  prepared,  and 
this  slurry  is  poured  continuously  onto  a  moving 
tape  to  provide  a  green  material,  i.e.  a  uniform 
layer  of  the  slurry. 

35  As  is  known,  the  same  will  acquire  a  texture 
that  allows  of  simple  handling  ,  and  hence  of  its 
introduction  into  the  cell,  prior  to  undergoing  any 
heat  treatment. 

By  a  second  step  to  be  carried  out  within  the 
40  cell,  the  organics  present  in  the  green  material  are 

removed,  the  nickel  is  oxidized,  and  the  plate  den- 
sified. 

Since  the  green  material  had  not  been  pre- 
sintered  prior  to  its  introduction  into  the  cell,  and 

45  on  account  of  the  formulation  employed,  during 
oxidation  no  volumeincrease  will  take  place  as  it 
does  instead  with  the  well-known  technique  of  "in 
situ"  oxidation,  avoiding,  therefore,  the  problems 
connected  with  this  phenomenon. 

50  In  addition,  to  lithiate  the  nickel  oxide,  the 
melting  of  the  carbonates  is  no  pre-requisite  be- 
cause  the  lithium  carbonate  present  in  the  green 
material  is  decomposed  concurrently  with  the  nick- 
el  oxidation  at  a  lower  temperature  than  the  melting 

55  temperature  of  the  carbonates. 
Thus,  the  depletion  of  lithium  carbonate  in  the 

carbonate  mixture  can  be  prevented. 
The  lack  of  pre-sintering  of  the  plate  brings 
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about  a  reduction  in  the  costs  for  energy  over  the 
previously  described  conventional  methods. 

The  results  of  tests  carried  out  in  the  cell  over 
a  time  span  of  700  hours  reveal  performance  levels 
equal  to,  of  even  better  than,  those  to  be  obtained 
with  cathodes  manufactured  with  the  previously 
described  techniques. 

The  essential  features  of  the  invention  are 
summarized  and  schematized  in  the  claims;  its 
objects  and  advantages,  moreover,  will  be  apparent 
from  the  following  description,  given  with  specific 
reference  to  an  embodiment  of  this  method  and  the 
accompanying  drawings,  where: 

Figure  1  is  a  graph  of  the  volume  variation  of  a 
cathode  embodying  this  invention  versus  vari- 
ation  of  the  proportion  of  lithium;  and 
Figure  2  shows  graphically  the  behavior  of  the 
current  density  from  molten  carbonate  cells  us- 
ing  different  types  of  cathodes,  among  which 
the  claimed  one. 

EXAMPLE 

A  rotating  vessel  containing  250  g  of  aluminum 
balls  has  been  loaded  with: 

125  g  of  powder  nickel  of  the  INCO  255  (trade 
name)  type; 

7  g  of  lithium  carbonate,  a  Merck's  product, 
capable  of  yielding  a  solid  solution  of  LiNiO  with  a 
lithium  content  of  6%; 

7  g  of  methyl  cellulose; 
2.5  g  of  non-foaming  agent;  and 
250  g  of  de-ionized  water. 
The  above  was  milled  by  means  of  said  alu- 

minum  balls  and  stirred  for  24  hours. 
The  resulting  mixture  was  degassed  under  a 

vacuum  to  remove  the  air  entrapped  therein  while 
stirring. 

Thereafter,  the  mixture  was  spread  over  a  flat 
surface  formed  of  sheet  glass  coated  with  beeswax 
to  facilitate  subsequent  peeling  of  the  green  ma- 
terial  thus  obtained,  using  a  tape  casting  technique, 
at  a  pouring  rate  of  10  cm/min,  the  doctoring  blade 
thickness  being  in  the  range  of  1  to  5  mm,  accord- 
ing  to  the  thickness  of  the  green  material  sought. 

The  green  material  yielded  was  then  cut  into 
disks  with  a  diameter  of  50  mm  and  tested  as  the 
cathode  of  a  molten  carbonate  cell.  In  the  cell,  the 
anode  comprised  90%  nickel  and  10%  nickeled 
alumina;  the  cell  matrix  was  composed  of  lithium 
aluminate  as  obtained  by  the  hot  pressing  tech- 
nique;  the  electrolyte  was  comprised  of  an  eutectic 
mixture  of  lithium  and  potassium  carbonates. 

The  cell  was  then  heated  to  650  °  C,  which 
corresponds  to  the  operating  temperature  thereof. 
At  this  temperature,  the  electrolyte  will  be  in  a 
molten  state,  of  course. 

It  should  be  noted,  however,  that  prior  to  reach- 

ing  the  melting  temperature  of  the  electrolyte,  the 
gradual  heating  of  the  entire  cell,  and  hence  of  the 
green  material,  will  cause  the  organics  to  be  re- 
moved  therefrom,  the  nickelto  become  oxidized, 

5  and  the  plate  densified  which  will  expand  due  to  its 
composition  and  because  it  has  not  been  pre- 
sintered. 

In  addition,  the  lithiation  of  the  nickel  oxide  will 
take  place  at  the  expense  of  the  lithium  carbonate 

io  present  in  the  green  material,  which  decomposes 
concurrently  with  the  nickel  oxidation  and  at  lower 
temperatures  than  the  melting  temperature  of  the 
carbonates  which  make  up  the  electrolyte. 

In  this  way,  and  as  mentioned  hereinabove,  the 
is  mixture  of  carbonates  making  up  the  electrolyte  is 

not  depleted  of  lithium  carbonate. 
The  savings  in  energy  are  apparent. 
After  200  hours  operation  at  650  °C,  the  cell 

performance  was  3.3  A  at  0.75  V,  the  maximum 
20  output  power  being  128  Watts/square  foot.  As  illus- 

trated  by  Figure  2,  to  whose  description  the  reader 
is  directed,  this  value  represents  a  world  best  as  of 
this  date. 

As  mentioned  in  the  foregoing,  Figure  1  shows 
25  a  graph  bringing  out  the  volume  variation  of  a 

cathode  according  to  the  invention  versus  the  pro- 
portion  of  lithium;  as  may  be  appreciated,  when  the 
atomic  lithium  content  of  the  green  is  approxi- 
mately  6%,  with  the  claimed  composition  no  in- 

30  crease  in  volume  occurs  during  the  nickel  oxidizing 
process.  Thus,  the  cathode  of  this  invention  will  be 
provided  with  the  same  mechanical  strength  as  the 
cathodes  formed  "ex  situ"  but  with  none  of  their 
faults. 

35  With  particular  reference  to  Figure  2,  there  is 
plotted  the  output  current  density  versus  operation 
time,  in  molten  carbonate  cells  made  in  the  period 
from  1968,  when  they  were  first  experimented  with, 
to  1989;  the  numeral  attached  to  each  curve  des- 

40  ignates,  of  course,  their  testing  dates  on  cathodes 
of  presently  known  type. 

The  dash-line  curve  at  the  top,  denoted  (A), 
illustrates  the  operation  of  a  cell  according  to  the 
invention,  this  curve  being  concluded  at  700  hours 

45  of  operation. 
While  for  descriptive  reasons  this  invention 

stands  on  what  has  been  described  and  illustrated 
herein,  several  modifications  and  variations  may  be 
applied  in  implementing  the  invention  within  the 

50  scope  of  the  appended  claims. 

Claims 

1.  A  method  for  manufacturing  lithiated  nickel  ox- 
55  ide  cathodes  for  molten  carbonate  cells,  char- 

acterized  in  that,  in  a  first  step,  a  green  ma- 
terial  is  prepared  from  powder  nickel  and  lith- 
ium  carbonate  intimately  mixed  together,  in  a 
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second  step,  said  green  material  is  introduced 
into  the  cell  and  the  cell  is  heated  to  operating 
temperature. 

A  method  for  manufacturing  lithiated  nickel  ox- 
ide  cathodes  according  to  the  preceding  claim, 
characterized  in  that  said  green  material  com- 
prises  powder  nickel  and  lithium  carbonate, 
methyl  cellulose,  and  a  non-foaming  agent. 

A  method  for  manufacturing  lithiated  nickel  ox- 
ide  cathodes  according  to  the  preceding 
claims,  substantially  implemented  as  herein 
described  and  illustrated. 

10 
A  method  for  manufacturing  lithiated  nickel  ox- 
ide  cathodes  according  to  the  preceding  claim, 
characterized  in  that  said  compounds  are  fine- 
ly  ground,  degassed,  and  additivated  with  wa- 
ter.  15 

A  method  for  manufacturing  lithiated  nickel  ox- 
ide  cathodes  according  to  the  preceding  claim, 
characterized  in  that  said  compounds  are  pro- 
vided  in  the  following  proportions  by  weight:  20 
powder  nickel  --  100-150  parts, 
powder  lithium  carbonate  ~  6-9  parts, 
methyl  cellulose  ~  6-9  parts, 
non-foaming  agent  ~  2-3  parts, 
de-ionized  water  ~  200-300  parts.  25 

A  method  for  manufacturing  lithiated  nickel  ox- 
ide  cathodes  according  to  the  preceding  claim, 
characterized  in  that  said  mixture  is  ground 
and  stirred,  and  then  degassed  under  a  vacu-  30 
urn;  thereafter,  it  is  spread  over  a  smooth 
surface  using  the  tape  casting  technique,  and 
finally  cut  into  the  form  of  electrodes  and 
placed  directly  into  the  cell. 
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